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FUEL CELL INSTALLATION, METHOD FOR ACTIVATING 
AND DEACTIVATING SAID INSTALLATION 

The invention relates to a fuel cell installation according 
to the preamble of Patent Claim 1, a method for starting 
this installation according to the preamble of Patent Claim 
5 and the method for shutting down this installation 
according to the preamble of Patent Claim 7 . 

A fuel cell installation of the type defined in the pre- 
amble is known from DE 101 60 463 Al . It consists of a re- 
former stage for steam reforming of hydrocarbons and/or hy- 
drocarbon gas (especially natural gas) and steam into hy- 
drogen and other reformer products such as carbon dioxide 
and carbon monoxide. The reformer stage is therefore 
beatable with a gas burner. For chemical processing of re- 
former products, i.e., for converting the carbon monoxide 
into carbon dioxide in particular (carbon monoxide is a so- 
called fuel cell poison) , at least one shift stage is con- 
nected downstream from the reformer stage . Depending on the 
required degree of purity of the reformer products, two or 
more gas purification stages may also be provided, e.g., a 
so-called fine gas refining stage and a methanization stage 
or a stage for selective oxidation (selox stage) . Down- 
stream from the at least one shift stage, there is at least 
one fuel cell stack having a plurality of anodes and 
cathodes with corresponding inlet and outlet connections 
for converting the hydrogen into water for generating elec- 
tricity and heat. German Patent DE 101 60 463 Al describes 
a so-called PEM fuel cell stack which is operated at a 
temperature of approximately TO^'C. Since the hydrogen and 
the other reformer products produced in the reformer appa- 
ratus leave the last gas purification stage at approxi- 
mately 12 0 °C, a heat exchanger is provided between the last 
gas purification stage and the fuel cell stack to ensure 
the required drop in temperature. At the same time, how- 
ever, this heat exchanger is also designed as a condensate 
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separator to have the least possible negative effect on the 
relatively sensitive water balance of the fuel cell while 
on the other hand being able to supply the quantities of 
water thereby generated back to the overall process . 

German Patent DE 101 32 064 Al also describes a method for 
operating an apparatus for generating hydrogen, whereby on- 
ly air preheated by a burner is supplied to the reformer 
through an inlet connection at least for a certain phase 
for starting the apparatus until the reformer and the at 
least one downstream shift stage have reached the operating 
temperature. Since the function of the fuel cell depends 
greatly on the moisture content of the membrane and this is 
necessarily sensitive to air on the anode end, in startup 
of the installation a corresponding multiple-way valve must 
be provided after the last shift stage (usually the fine 
gas refining stage) to be able to suppress an air supply to 
the anodes of the fuel cell. 

Although this measure is just as easy to implement con- 
structively as the heat exchanger and the condensate sepa- 
rator connected downstream from the last shift stage ac- 
cording to German Patent DE 101 60 463 Al, nevertheless the 
jump in temperature which necessarily occurs (e.g., at the 
end of the startup process due to the addition of the re- 
formate flow to the fuel cell) between the reformer appa- 
ratus and the fuel cell also tends to be unfavorable with 
regard to the overall efficiency of the installation. 

Accordingly, the object of the present invention is to im- 
prove upon a fuel cell installation of the type defined in 
the preamble such that it is possible to omit the tempera- 
ture reduction and condensate separation between the shift 
stage and the fuel cell stack. Another object of the pre- 
sent invention is to simplify the startup phase of the in- 
stallation as described above according to German Patent 
DE 101 32 064 Al and to also simplify shutting down the in- 
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stallation by means of an air supply both through the de- 
sign and the process. 

These objects are achieved constructively with a fuel cell 
installation of the type defined in the preamble by the 
features characterized in the characterizing part of Patent 
Claim 1. In terms of the process, the characterizing fea- 
tures of Patent Claims 5 and 7 solve these tasks. 

Thus, according to this invention, the fuel cell stack is 
designed as a high- temperature fuel cell stack having an 
operating temperature between 100°C and 200*'C; the shift 
stage is connected at the outlet end to the inlet connec- 
tion of the anodes of the fuel cell stack without an inter- 
vening heat exchanger, and the outlet connection of the 
anodes of the fuel cell stack is connected to an air inlet 
connection on the gas burner. 

A suitable high- temperature fuel cell stack is known from 
German Patent DE 101 55 543 C2 , for example. The content of 
that publication is herewith also incorporated into the 
present patent application. The stack described there is in 
principle a so-called polymer electrolyte membrane fuel 
cell (PEM fuel cell) but with the difference that the 
operating temperature is not approximately 70 °C but instead 
is between 100**C and 200°C. Only the use of this stack 
makes it possible to connect the outlet of the shift stage 
hydraulically directly to the anode inlet of the fuel cell, 
because, firstly, due to the elevated operating temperature 
of the stack, no reduction in temperature between the re- 
former apparatus and the fuel cell is necessary, and se- 
condly, no liquid water which would clog the membranes of 
the fuel cell and would thus degrade the stack is produced 
at this operating temperature. 

For the sake of thoroughness, reference is also made to 
German Patent DE 102 09 681 Al, wherein a fuel cell instal- 



lation according to the preamble of Patent Claim 1 is dis- 
closed. With this installation, however, the exhaust gas of 
this shift stage is not sent to the fuel cell until rea- 
ching an optimum gas quality. This requires a directional 
valve arranged between the shift stage and the fuel cell, 
and this valve must be operated via a sensor and a 
corresponding circuit. This constellation is thus much more 
complicated and also does not have the advantages listed 
below. The same thing is also true of German Patent 
DE 102 35 430 Al . 

In terms of the process, for starting an inventive fuel 
cell installation, in a first startup step, preheated air 
is passed through the reformer stage, through the shift 
stage and, at the anode end, through the fuel cell stack, 
whereby the air flowing through the fuel cell stack at the 
anode end is supplied to the gas burner provided for 
heating the reformer stage, and in a second startup step, 
the air supply is turned off and at least the steam supply 
and optionally also the hydrocarbon gas supply are turned 
on . 

In terms of the process, for shutting down an inventive 
fuel cell installation, the hydrocarbon gas supply and the 
steam supply are shut down in a first shutdown step and in 
a second shutdown step, the air supply is turned on and the 
air is passed through the reformer stage, through the shift 
stage and, at the anode end, through the fuel cell stack, 
whereby the air flowing through the fuel cell stack at the 
anode end is sent to the gas burner provided for heating 
the reformer stage . 

These measures can also be implemented only on the basis of 
the inventive use of a high- temperature fuel cell, in par- 
ticular the fuel cell according to German Patent 
DE 101 55 543 C2 , because only if the fuel cell is insen- 
sitive to air on the anode end when starting the reformer 
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can the air be used, on the one hand, not just for heating 
the reformer and the shift stage (s) but also for heating 
the stack and on the other hand for gradual cooling of all 
the aforementioned components when shutting down the fuel 
cell installation, which advantageously even leads to 
drying out of the components at the anode end. 

other advantageous refinements are derived from the depen- 
dent patent claims . 

On the basis of the drawing of a preferred exemplary embo- 
diment, the inventive fuel cell installation and its advan- 
tageous refinements according to the dependent patent 
claims are explained in greater detail below with regard to 
their design features and also with regard to their 
operation. 

Figure 1 shows schematically the inventive fuel cell in- 
stallation; 

Figure 2 shows a diagram of the inventive startup process 

of the fuel cell installation; and 
Figure 3 shows a diagram of the inventive shutdown process 

for the fuel cell installation. 

Figure 1 shows schematically first a preferred embodiment 
of the inventive fuel cell installation which consists of a 
reformer stage 1 for steam reforming hydrocarbons (pre- 
ferably hydrocarbon gas) and steam to yield hydrogen and 
other reformer products. In an essentially known manner, a 
gas burner 8 is provided for the reformer stage 1 to supply 
the heat required for the reforming process, i.e., the 
reformer stage 1 can be heated with the gas burner 8. In 
the case of an installation for supplying household power, 
which is the preferred usage in the present case, natural 
gas (methane gas) is supplied to both the burner 8 and the 
reformer stage 1 in steady-state operation, this gas being 
supplied as the hydrocarbon gas, preferably obtained from a 
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gas tap provided in-house. The heat of the gas burner 8 may 
also be output for other heating purposes (household hea- 
ting) • 

Since carbon monoxide is also usually produced in steam 
reforming in addition to hydrogen and carbon dioxide, at 
least one shift stage 2 is connected downstream from the 
reformer stage 1, likewise in an essentially known manner, 
for chemical processing of the reformer products, i.e., in 
particular for reducing the carbon monoxide content. 
Depending on the reqpaired level of purity with regard to 
the carbon monoxide content, installations having two or 
more shift stages (including fine gas purification stage 
such as a methanization stage or a selox stage) are also 
known (as also mentioned above) . 

The at least one fuel cell stack 3 having a plurality of 
anodes 4 and cathodes 5 with corresponding inlet and outlet 
connections 6, 7 is connected downstream from the at least 
one shift stage 2 for converting hydrogen to water for ge- 
nerating electricity and heat, whereby the stack, as men- 
tioned above, is designed as a so-called polymer electro- 
lyte membrane fuel cell (PEM fuel cell) . 

Since the gas outlet temperature after the last shift stage 
2 is always more than lOO^C with the known fuel cell in- 
stallation, a heat exchanger, frequently also a condensate 
separator, is usually arranged between the last shift stage 
2 or fine gas purification stage and the fuel cell stack 3. 

To reduce this design complexity, it is provided according 
to the present invention that the fuel cell stack 3 is 
designed as a high- temperature fuel cell stack with an 
operating temperature between 100 ®C and 20 0 °C, preferably 
160°C. In this regard, proton- conducting high- temperature 
electrolyte membranes are also provided for use in the 
stack. These include in the sense of DE 101 55 543 C2 at 
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least one basic material and at least one dopant, whereby 
the dopant is a reaction product of one at least dibasic 
inorganic acid with an organic compound, whereby the reac- 
tion product has an unreacted acidic hydroxyl group of the 
inorganic acid or is the condensation product of this com- 
pound with a polybasic acid. These high- temperature elec- 
trolyte membranes are suitable for operation at these tem- 
peratures, which are relatively high for PEM fuel cells. 

In addition, according to this invention, the shift stage 2 
is directly connected at the output end (as shown clearly 
in Figure 1) hydraulically and without a heat exchanger to 
the inlet connection 6 of the anodes 4 of the fuel cell 
stack 3, i.e., according to this invention, preferably only 
a short segment of pipe (and in particular no heat exchan- 
ger) is provided between the shift stage 2 and the fuel 
cell stack to hydraulically connect the two installation 
components to one another. 

As shown clearly in Figure 1, it is also provided that the 
outlet connection 7 of the anodes 4 of the fuel cell stack 
3 is connected to an air inlet connection 9 on the gas bur- 
ner 8. According to this provision, residual anode gas can 
be burned in the gas burner 8 during steady- state opera- 
tion, but on the other hand, during the startup phase (to 
be explained in greater detail below) , preheated air 
flowing through the stack on the anode end is supplied to 
the gas burner 8, i.e., the air preheated for starting may 
be reused energetically in an appropriate manner and is not 
simply released to the environment. To adjust the correct 
combustion values, a corresponding lambda probe is provided 
on the gas burner 9 in a known manner. 

For starting and/or shutting down the fuel cell installa- 
tion, it is provided in an essentially known way that the 
reformer stage 1 and the shift stage 2 are supplied exclu- 
sively with air during at least some phases. 
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According to this invention, on the basis of the design 
features described above (high- temperature fuel cell, con- 
nection between the shift stage and the stack without a 
heat exchanger) it is provided that optionally in starting 
up and/or shutting down the fuel cell installation, the air 
flowing through the reformer stage 1 and the shift stage 2 
is also supplied to the anodes 4 of the fuel cell stack 3. 
This has the advantage (in startup) that, first, no 
reversing valve need be provided between the shift stage 2 
and the fuel cell stack 3, and the air preheated by the gas 
burner 8 may also be used for preheating the fuel cell 
stack 3 while on the other hand (in shutting down the in- 
stallation) the fuel cell stack 3 can in principle be run 
dry on the anode end owing to the measure according to this 
invention, which advantageously leads to precisely defined 
startup conditions in the event of a restart. 

Figure 2 shows a preferred starting phase and Figure 3 
shows a preferred shutdown phase. The left ordinate in each 
case shows the percentage amoiint of process gases and the 
right ordinate shows the temperature of the air which is 
supplied in phases. Time is plotted on the abscissa. 

As shown in Figure 2, for starting the fuel cell instal- 
lation in a first startup step la preheated air m Air is 
passed through the reformer stage 1, through the shift 
stage 2 and at the anode end through the fuel cell stack 3. 
In addition, there are advantageously provisions for the 
temperature TAir of the air used to start the fuel cell 
installation to increase with an increase in length of the 
first startup step, i.e., preheating of the installation is 
continued until the air is cut off. Heating of the air is 
accomplished via the gas burner 8. 

Next, it is advantageously provided that in a second start- 
up step lis the air supply is turned off and at least the 
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steam supply HI steam and optionally also the hydrocarbon 
gas supply in ch4 are turned on. According to Figure 2, the 
hydrocarbon gas supply m cn4 increases linearly up to the 
start of the third steady- state phase Ills- In the third 
phase Ills the quantity of hydrocarbon gas and steam supp- 
lied each amoionts to 10 0% and no further air is supplied 
(not even possible because of the imminent danger of an 
explosive reaction) . 

As shown in Figure 3, to shut down the fuel cell instal- 
lation running in a steady state (operating phase IIIa = 
Ills) in a first shutdown step IIa the hydrocarbon gas 

■ 

supply in CH4 and the steam supply ni steam are shut down and 
specifically the hydrocarbon gas is preferably tapered off 
and then the steam is shut down suddenly. 

In addition, there are advantageously provisions for the 
air supply in Air to be turned on in a second shutdown step 
Ia and for the air to be passed through the reformer stage 
1, through the shift stage 2 and, at the anode end, through 
the fuel cell stack 3. As Figure 3 shows, the temperature 
TAir of the air used for shutdown of the fuel cell instal- 
lation then declines with an increase in length of the se- 
cond shutdown step Ia (because of the deliberately thrott- 
led heat output of the gas burner 8) . 

As mentioned above and as depicted in Figure 1 there are 
also advantageously provisions for the air flowing through 
the fuel cell stack 3 in startup and/or shutdown at the 
anode end to be supplied to the gas burner 8 provided for 
heating the reformer stage 1. 

Finally, there are advantageously provisions (not depicted 
here) for providing a temperature-regulating device which 
shuts down the fuel cell stack 3 at an operating temperatu- 
re above 200 to ensure that operating temperature of 
100°C to 200°C is maintained. 
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shift stage 
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fuel cell stack 
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cathode 
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outlet connection 
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gas burner 
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air inlet connection 
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first startup step 


lis 


second startup step 


Ills 


steady- state operating phase 


IIIa 


steady- state operating phase 


IIa 


first shutdown step 


Ia 


second shutdown step 



